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INTRODUCTION

This paper describes the synthesis of a new explosive compound,
trans-1,4,5,8-tetranitro-1,4,5, 8-tetraazadecalin, % (INAD). This
molecule was chosen as a synthetic target for two reasons. First, it
has both a good predicted densityl’2 and good predicted detonation
velocity.3 The predicted density and predicted detonation velocity are
summarized below the structure. Secondly, TNAD is structurally related
to the highly sought after "Bicyclo-HMX (2,4,6,8-tetranitro~-2,4,6,8-
tetraaza-bicyclo[3.3.0]cyclooctane),” 2, and it was hoped a successful
synthesis of TNAD would shed some llght on how to synthesize 2

N0,
qj>
N

N

NO, 02N NO
1 2
i g
Calculated Densityl>? 1.77 g/em3, 1.73 g/cm3
Calculated Detonation Velocity3 8.21 mm/us

lNaval Weapons Center. Calculation of Densities of Fuels and
Explosives from Molar Volume Additive Increments, by A. T. Nielsen.
China Lake, Calif., NWC, February 1973, 20 pp. (NWC TP 5452, publication
UNCLASSIFIED.)

2Naval Surface Weapons Center. Estimation of Normal Densities of
Explostves from Empirical Atomic Volumes, by D. A. Cichra, J. R. Holden,
and C. R. Dickerson. White Oak, Maryland, NSWC, 1980, 47 pp. (NSWC-TR~-
79-273, publication UNCLASSIFIED.)

31,. R. Rothstein and R. Petersen. '"Predicting High Explosive
Detonation Velocities from their Composition and Structure," Prop. and
Explo., Vol. & (1979), p. 56-59.
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Three synthetic routes to TNAD were considered. The first route was
based on a retro-synthetic analysis of TNAD into two molecules of ethylene
dinitramine and a molecule of glyoxal as diagrammed in Scheme 1. Tt is
known that dinitramines can be condensed with formaldehyde to give
1,3-dinitramines.*?»® It was hoped that glyoxal would react similarly to

formaldehyde.
SCHEME 1. Retro-Synthetic Analysis of TNAD.
\ ’

N 0N
[:iNH H:]<;0
>

02N ' \ N02 0?

/N

The second route considered for the synthesis of TNAD was the
nitrolysis of the known trans-1,4,5,8-tetraacetyl-1,4,5,8-tetraazadecalin,
3,% as outlined in Scheme 2. The nitrolysis of N-acyl compounds is a
well-established synthetic method for making secondary nitramines.”’»8

SCHEME 2. Nitrolysis Route to TNAD.

e Ac 0N N,
f/fN N j,-N N
[Nn0,*] [ I N
TSNS SN ~N”J
] | |
Ac Ac 0,N NO,
3 1

“1,. Goodman. '"Condensation of Aliphatic Nitramines with Formalde-
hyde," J. Amer. Chem. Soc., Vol. 75 (1953), p. 3017-3020.

5J. A. Bell and I. Dunstan. "Chemistry of Nitramines. Part III.
Cyclic Nitramines Derived from Trimethylene Dinitramine," J. Chem. Soc.
(c), (1966), p. 870-872.

H. Baganz, L. Domaschke, and G. Kirchner. "Dl—a—halogenather.
V Ringschlussreaktionen des 1.2-Dichloro-1 ,2-diathoxy-athans mit Diaminen,"
Chem. Ber., Vol. 94 (1961), p. 2676-2680.

7J. H. Robson and J. Reinhart. "The Synthesis of Secondary Nitra-
mines by the Nitrolysis of N,N-disubstituted Amides," J. Amer. Chem. Soc.,
Vol. 77 (1955), p. 2453-2457.

8J. H. Robson. '"The Nitrolysis of N,N-Dialkylformamides," J. Amer.
Chem. Soc., Vol. 77 (1955), p. 107-108.

4
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The third synthetic route considered for the synthesis of TNAD was
the conversion of the known trans-1,4,5,8-tetraazadecalin (TAD), é’6,9—11
into its tetranitroso derivative, %, and nitrolysis of this to TNAD.

This route is summarized in Scheme 3. This route is based on analogy to
the synthesis of pure 1,3,5-trinitro-1,3,5-hexahydrotriazine (RDX) from
1,3,5-trinitroso-1,3,5-hexahydrotriazine (R-salt) by G. F Wright and
co-workers.!?

SCHEME 3. Nitrosation-Nitrolysis Route to TNAD.

! H o O 0N O,
| |
N N N
HNO,, HNOS
) i ) ! |
|
’ H oN NO 0,N NO,
g R A
RESULTS

ETHYLENE DINITRAMINE/GLYOXAL CONDENSATION ROUTE TO TNAD

The direct condensation of ethylene dinitramine and glyoxal to give
TNAD was tried under a variety of conditions similar to those used by
Goodman" to synthesize 1,3-dinitro-1,3-diazacyclopentane, Q, from ethylene
dinitramine and formaldehyde. None of the reactions produced identifiable
products. Normally, copious gas evolution occurred indicating that the
nitramine was undergoing decomposition.

9. C. Chitwood and R. W. McNamee. Piperazino-piperazines.
March 1944. (U.S. Patent 2,345,237, UNCLASSIFIED.)

101,, A. Cort and N. R. Francis. "Halogeno-1,4-dioxanes and their
Derivatives. Part III. Interaction of Trans-2,3-dichloro-1,4-dioxan and
Amines," J. Chem. Soc., (1964), p. 2799-2801.

1R, Fuchs and A. Elleneweig. "Structure and Conformation of
Heterocycles. X. on 1,4,5,8-Tetraazadecalins," Recuil, Vol. 98 (1979),
p. 326-333.

12p, J. Brockman, D. C. Downing, and G, F Wright. 'Nitrolysis of
Hexamethylenetetraamine III. Preparation of Pure Cyclonite," Can. J.
Research, B, Vol. 27 (1949), p. 469-474.



NITROLYSIS ROUTE TO TNAD

The second synthetic route

trans-1,4,5,8-tetraacetyl-1,4,5, 8-tetraazadecalin, 3.
cedures were tried with the best being one develope

co-workers!?

NWC TP 6303

XNﬂg

\
NO >

I5=2}

to TNAD explored was the nitrolysis of
Several pro-
by Gilbert and

for the conversion of 1,5-diacetyl-3,7-dinitro-1,3,5,7-
tetraazacyclooctane (DADN) to HMX.

This procedure uses a mixture of

trifluoroacetic anhydride (TFAA) and 100% nitric acid to generate N,Os.
With the best conditions developed, only a low yield of the desired

TNAD could be obtained.
small amounts of the impurity,

In addition, the product seemed to contain

1,4,5-trinitro-8-acetyl-1,4,5,8-tetraaza-

decalin, z, since a small carbonyl peak was observed in the infrared
spectrum of the product and a singlet at 2.2 ppm was observed in the

14 NMR spectrum of the product.

These results are summarized in

Scheme 4.
SCHEME 4. Reaction Product of the Nitrolysis of
1,4,5,8-Tetraacetyl-1,4,5,8-tetraazadecalin.
%C %C *ﬂg TUE %C vﬂz
\! N N N N
TFAA/HNO 5 r \(Nj . I
il e il el
Ac Ac NO,  NO, 0N NO,
3 4 4
10% trace

"13y.s. Army Research and Development Command.

for HMX Manufacture, by Victor
ARRADCOM, October 1979, 119 pp.

Alternative Processes
I. Siele and others. Dover, New Jersey,
(ARLCD-TR-78008, publication UNCLASSIFIED.)
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NITROSATION-NITROLYSIS ROUTE TO TNAD

The third synthetic route (see Scheme 3) proved to be more fruitful.
The conversion of the trans-1,4,5,8-tetraazadecalin, Q, to trans-1,4,5,8-
tetranitroso-1,4,5,8-tetraazadecalin, é, was accomplished in over 90%
yield using a procedure developed by Evans for the conversion of hexahydro-
pyrimidine, %, to N,N-dinitrosohexahydropyrimidine, 2 1% This procedure

\H/"'\Nf \N/\N/
L L

8
e

0

involves adding 1.25 equivalents of dilute hydrochloric acid to an
aqueous solution of one equivalent of the amine and 1.25 equivalents of
sodium nitrite. This procedure is superior to the normal procedure of
adding a solution of sodium nitrite to an aqueous solution of the amine
hydrochloride because 1,4,5,8-tetraazadecalin undergoes rapid reversion
to ethylene diamine and glyoxal in aqueous acid. The tetranitroso
compound, %, gave a satisfactory elemental analysis and was fully
characterized spectroscopically.

The conversion of the tetranitroso compound to TNAD was initially
attempted using the same conditions which Wright and co-workers used to
convert R-salt to RDX.!? This involves adding 3-5% hydrogen peroxide to
100%Z nitric acid, then cooling this mixture to -30°C for the addition of
the nitrosoamine. Using this procedure, a good yield of a white solid
was obtained. The !H NMR spectrum clearly indicated that it was not the
desired TNAD because the bridgehead proton appeared as an AB quartet.
Considerable N-NO, stretching was apparent in the IR spectrum of the
product and it was concluded that this material was f¢rans-8-nitroso-1,4,5-
trinitro-1,4,5,8-tetraazadecalin, lO This reaction is summarized in
Scheme 5. Wright and co-workers observed a similar occurrence in the
conversion of R-salt to RDX. At short reaction times at low temperature
the product obtained was the 1,3-dinitro-5-nitroso-1,3,5-hexahydrotriazine.
This product was, however, readily converted to RDX when the final reaction
temperature was raised to 0°C or the reaction time at the lower tempera-
ture was increased. Applying these modifications to the reaction of
compound 5 however, did not lead to a conversion of 10 into % In fact,
the only Tesult was to lower the yield of lO There 1s good evidence

I4R. F. Evans. ''Hydropyramidines V. Hexahydropyrimidines. The
Reaction of Aldehydes and Ketones with 1,3-Diaminopropanes,' Aust. J.
Chem., Vol. 20 (1967), p. 1643-1661.
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SCHEME 5. Reaction of 1,4,5,8-Tetranitroso-
1,4,5,8-tetraazadecalin with Hy0,/HNO3.

ON o ON NO,
| | |
N N N N
(,f E&Ji:’ H,0, + HNOs
~ ["Lf“'" | ‘300(: ‘\‘\\'Nf_/" “‘wr\ll
, .
ON NO 0N NOy
5 A0

that these reactions are nitrolysis reactions and not oxidations.!® It
appeared then that an equilibrium condition is reached where the NO+ ions
build up in solution to a point where they begin to compete for the ring
nitrogen atoms, thus preventing the reaction from going to completion.

1f this was the case, the solution for converting %Q to 1 appeared to be
to reintroduce the trinitro-nitroso compound, 10, to fresh 1007 nitric
acid. Indeed, when this was done a good yield of the desired TNAD was
obtained as summarized in Scheme 6.

SCHEME 6. Reaction of trans-8-Nitroso-1,4,5-trinitro-
1,4,5,8-tetraazadecalin with Nitric Acid.

ov voz , 02$ Toz
No N N
\T/ 100% Nitric Acid [ I
N o \ |
|

0N NO, 0,N NO,

687% Yield
10 !

In Scheme 7 the complete synthesis of TNAD from ethylene diamine
and glyoxal is outlined. The overall yield for the four-step synthesis
is 47%.

Several of the physical properties of TNAD have now been determined.
These are summarized in Table 1 and are compared, where possible, to the
predicted values. TNAD has several rather interesting physical properties.

15R. G. Gafurov, E. M. Sogomonyan and L. T. Eremenko. ''Conversion of
Nitrosomines to Nitramines," Tzv. Akad. Nauk SSSR Ser. Khim. (1973),
p. 2826.

8
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It is more heat stable than RDX and is less sensitive to impact than both

RDX or HMX.

It has essentially the same density as RDX and only a slightly

lower calculated detonation velocity. TNAD will probably find use as both
a propellant and an explosive.

SCHEME 7. Synthesis of TNAD from Ethylene Diamine and Glyoxal.

0 0
# V4
H H N N
I [ | &
NH» H 0 N ‘/N N
- ™~ HNO, [ I
NH N0 N xrﬁJ N N
H H /N 4ﬁ
/
0 0
85% a0%
¥ s
N N
100% HNO3 ::] 100% HNOj
-30°C N_,.-r"'"\‘\.‘N ODC H \“\"'[i'{
|
0,N NO, 0N NO,
0% 68%
TABLE 1. Physical Properties of TNAD.
Calculated Measured
Density (g/cm3) 1.77 (1YY, 1.74 (12) 1.80
Detonation Velocity (mm/us) 8.213 ———
Impact Sensitivity (2.5 kg wt) _— 40 cm
Melting Point —-— 232-234°¢C
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STEREOCHEMISTRY OF TAD AND TNAD

The stereochemistry of 1,4,5,8-tetraazadecalin was recently estab-
lished by Fuchs and Elleneweig11 as trans. The assignment was based on
establishing that the ethylene fragment is an AA'BB' spin system with
coupling constants typical for a staggered ethylene configuration. The
coupling constants and chemical shift values are summarized in Scheme 8.
From the coupling constants one can calculate the R value for the
ethylene fragment from Equation 1 and in turn calculate the dihedral
angle, }, for the ethylene fragment from Equation 2.16

SCHEME 8. Chemical Shifts and Coupling Constants for
trans-1,4,5,8-Tetraazadecalin.

H H
N N_ _H
A ~Hq NH
_ : = H \"‘“H.R “NH
NS TN Hg. ' jf P
J | H e Y
H H A' H ' _,_,..---"”l.lllllll|
A |
HB
vy T 2.94 ppm JAB = JA'B' = -13.0 H=z
Vg = 2.79 ppm JAB' = JA’B = 3.6 Hz
JAA' = 1.5 H=
JBB' = 12.3 Hz
165 B. Lambert. "Structural Chemistry in Solution. R value,"

Accounts of Chemical Research, Vol. &4 (1971), p. 87-94.

10
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N
f
"
\
N
HB'
n o _trans _ (Jppr 4 Jpg)/2 =,
Jcis JAB'
_ 3 3
cos ¥ =(757%) &)

Values of 2.13 for R and 58° for ¢ are calculated from Fuchs and
Elleneweig's11 values for the coupling constants. These values fall in
the range typical for a puckered six-membered ring.16

Since several steps occur in the conversion of TAD to TNAD where
the possibility exists for epimerization of the bridgehead protons, we
felt that it was necessary to clearly establish the stereochemisty of
the ring fusion. The method chosen was to analyze the 'H NMR spectrum
of the ethylene fragment. In Scheme 8 the coupling constants and chemi-
cal shifts obtained from the analysis of the 200 MHz spectrum of TNAD
are summarized. The spectrum was easily analyzed as an AA'BB' spectrum
which clearly established the stereochemistry of the ring fusion as
trans. In addition, they allow the R value and y to be calculated,
which gives some information on the shape of the six-membered ring in
TNAD. The R value and y calculated for TNAD are 1.23 and 49°, respec-
tively. These values indicate that the six-membered ring has flattened,
which is consistent with a change in hybridization of the ring nitrogens
from sp? in the amine to sp? in the nitraamine.

11
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SCHEME 9. Coupling Constants and Chemical Shifts for TNAD.

0N N,
N N H ~~H
i - 0,N ,»Z /,.,f NO,
\ll\l \';l HBI G?_N o HA
0,N NO, Hy,
H
B
Pn = 4.57 ppm JAB = JA'B' = -15.2 Hz
\) — — —
B = 4.37 ppm JAB' = JA'B = 5.1 Hz
JAA' = 2.2 Hz
JBB' = 10.3 Hz
EXPERIMENTAL

ATTEMPTED CONDENSATION OF ETHYLENE DINITRAMINE AND GLYOXAL

After cooling 20 ml of 87% sulfuric acid to 0°C, 0.70 g of glyoxal
trimer (10 mmoles of glyoxal) was added. This mixture was stirred for
10 minutes then 3.0 g (20 mmoles) of ethylene dinitramine was slowly
added over 10 minutes. The resulting mixture was stirred at 0°C for
20 minutes then quenched on 20 g of ice. During the stirring, gas
evolution occurred. The white solid product was collected by vacuum
filtration, washed with water, and dried. It proved to be ethylene
dinitramine (NMR).

In a modification of the above procedure 1.45 g of 40% aqueous
glyoxal (10 mmoles) was substituted for the glyoxal trimer since it
appeared that the trimer was insoluble in 877 sulfuric acid. The reac-
tion was run identically to that described above. The product in this
case was mainly ethylene dinitramine but it seems to contain some (10%)
of diol 11. This diol, 5,6-dihydroxy-1,4-dinitro-1,4-diazacyclohexane,
is the addition product of glyoxal and ethylene dinitramine.

12
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NO,

h

1,4,5,8-Tetraazadecalin (é)

In a 250-ml round-bottom flask was placed 24.0 g of ethylene diamine
(0.40 mole). This was cooled to 0°C by a salt/ice bath and 14.5 g of
40% aqueous glyoxal solution (0.10 mole) was added dropwise during the
next 30 minutes. This solution was then heated at 80°C for 5 hours.
During the heating period crystals formed in the solution. The solution
was allowed to slowly cool to room temperature, then cooled to 0°C. The
product was then collected by vacuum filtration and washed with cold 50%
ethanol. The yield of product m.p. 162-170°C (dec) (Lit® 162-187°C
(dec)) is 12.0 g (0.085 mole, 85%).

1,4,5,8-Tetraacetyl-1,4,5,8-tetraazadecalin (%)

A 1.42 g portion of % (10 mmoles) was slowly added to 30 ml of well-
stirred acetic anhydride. The solution was stirred for 2 hours, then
the acetic acid and excess acetic anhydride were removed at reduced
pressure. The resulting thick mixture was treated with 20 ml of acetone.
The product crystallized and was collected. The product with m.p. 201-
203°C (Lit® 201-203°C) weighed 3.02 g (9.7 mmoles, 97%).

1,4,5,8~Tetranitroso-1,4,5,8-tetraazadecalin (%)

A solution of 3.45 g (50 mmoles) sodium nitrite and 1.42 g (10 mmoles)
of 1,4,5,8-tetraazadecalin was prepared in a 125-ml erlenmeyer flask.
The temperature was not allowed to exceed 5°C. It was cooled to -2°C
and 50 ml of 1IN hydrochloric acid was added during the next 60 seconds.
A white precipitate formed immediately. The mixture was stirred at 0°C
for 30 minutes, then at room temperature for 1 hour. The product was
collected by vacuum filtration and washed well with water. It was dried
overnight in a vacuum oven to give an off-white powder, which was suit-
able for further synthetic uses. It weighed 2.35 g (9.1 mmoles, 91%)
and decomposed at 211-212°C. 1t could be recrystallized from DMF/H,0 to
yvield fine light-yellow needles.

IR (XBr) 2900(w), 1475(m), 1450(sh), 1410(m), 1370(m), 1310(m),
1300(m), 1275(m), 1260(m), 1210(m), 1190(m), 1110(m), 1050(m), 975(m),
935(m), 895(w), 830(w), 735(m).

13
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lH NMR (DMSO-dg-80°C): & 3.90 (ABCD, J,. = 1.0 Hz, Jp,, = 4.0 Hz,
Jop = ~14-6 Hz, 2H), 3.95 (ABCD, J,. = 5.8 Hz, Jp, = 13.3 Hz, I, =
~14.6 Hz, 2H), § 4.92 (ABCD, J,, = -14.70 Hz, Jp. = 13.3 Hz, Jy;, =
4.0 Hz, 2H), § 5.52 (ABCD, J, = -14.7 Hz, J,. = 5.8 Hz, J\p, = 1.0 Hz,

2H) 8§ 6.76 (s, 2H, H9,10)'

Analysis calcd. for CgHigNgOy: G, 27.90; H, 3.91; N, 43.40;
Found: C, 27.92; H, 3.91; N, 43.53.

8—Nitroso—l,4,5—trinitro—l,4,5,8—tetraazadecalin (2)

Ten ml 100% nitric acid and a magnetic stirring bar were placed in a
50-ml erlenmeyer flask. This was cooled to -30°C by a dichloroethane/dry
ice slush. The 1,4,5,8—tetranitroso—l,4,5,8—tetraazadecalin (1.00 g,
3.87 mmoles) was added over 30 minutes. The dichloroethane/dry ice bath
was removed and replaced by an ice bath. The mixture was stirred for an
additional hour, then poured onto 50 g of ice. A fine white precipitate
formed. The crude product was collected and washed well with water.
After drying in vacuum, it weighed 1.07 g (3.52 mmoles, 90%) and decom-
posed at 210-212°C. This compound contained small amounts of the tetra-
nitro compound as evidenced by a small singlet in the NMR at 6.50 ppm.

IR (XBr) 2950(w), 1550(vs), 1440(m), 1400(w), 1350(m), 1275(vs),
1205(m), 1195(m), 1080(m), 1030(m), 980(w), 960(w), 890(w), 865(m),
840(w), 770(w), 755(m).

g NMR (DMSO-dg): & 3.80-5.20 (cm, 8H, Hp 3 ¢, 7), 6.52 (AB, IH,

J = 10.0 Hz), 6.81 (AB, 1H, J,.= 10 Hz) ppm.

AB AB

1,4,5,8—Tetranitro—l,4,5,8—tetraazadecalin (%)

A portion of 8—nitroso—l,4,5—trinitro—l,4,5,8—tetraazadecalin
(1.0 g, 3.3 mmoles) was slowly added to 10 ml of well-stirred 1007%
nitric acid maintained at 0°C over a l5-minute time period. The solution
developed a light-yellow color. It was stirred for 5 additional minutes
at 0°C, then the cooling bath was removed. The stirring was continued
for 5 more minutes. The reaction mixture was quenched by pouring onto
20 g of ice. A white precipitate formed and was collected by vacuum
filtration. It was washed well with water and dried. Tt weighed 0.72 g
(2.2 mmoles, 68%) and decomposed at 236°C, but darkened above 200°c. It
could be recrystallized to fine crystals by dissolving in hot cyclo-
hexanone (® 1 g/10 ml) and adding an equal volume of ethanol.

14
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IR (KBr) 2980(w), 2950(w), 1555(vs), 1460(m), 1420(w), 1360(m),
1300(sh), 1280(vs), 1245(w), 1210(w), 1175(m), 1130(m), 1065(m), 1015(m) ,
960(w), 885(w), 860(w), 855(w), 755(m).

1§ NMR (DMSO-dg): & 4.29-4.65 (AA'BB', 8H, Hy 3,6,7), 6.50 (s,
2H, H9,10) .

Analysis caled. for CgHyoNgOg: C, 22.36; H, 3.13; N, 34.78;
Found: C, 22.52; H, 3.18; N, 34.72.
Density: 1.796 + 0.001 g/cm3.

Nitrolysis of 1,4,5,8-Tetraacetyl-1,4,5,8-tetraazadecalin (%)

Twenty ml of trifluoroacetic anhydride were placed in a 100-ml r.b.
flask. This was cooled to -5°C, and 10 ml of absolute nitric acid was
added by drops over 20 minutes. This mixture was stirred for 20 addi-
tional minutes, then 1.0 g (3.2 mmoles) of 3 was added during the next
15 minutes. The cooling bath was removed and the mixture stirred at
room temperature for 3 hours. The volatile materials were removed at
reduced pressure (0°C, 30 mm) and the residue poured onto 20 g of ice.
A fine white precipitate formed which was collected and washed with
water and dried. It weighed 0.12 g (0.37 mmole, 11%). This product
was reasonably pure % contaminated with a little of the trinitroacetyl
compound, as evidenced by a small peak in the IR at 1670 em~! and a
small peak in the NMR at 2.2 ppm.

CONCLUSIONS AND FUTURE PLANS

A high-yield four-step synthesis of a new, potentially useful explo-
sive compound (TNAD) has been developed. This compound has several
desirable physical properties such as high density, high melting point,
and low-impact sensitivity. The compound may find use in both explosive
and propellant applications. Future plans include attempts to reduce
the synthesis to a three-step process by combining the last two steps.
An X-ray crystallographic study of both TNAD and its precursor, trans-
1,4,5,8-tetranitroso-1,4,5,8-tetraazadecalin, are planned. The crystal
structure of TNAD will yield valuable information on the shape of the
rings, the peri-interaction of the nitro groups, and on the crystal
packing of the molecule.
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